INTRODUCTION
Urinary tract infection (UTI) is the most common medical complication in patients with spinal cord injury (SCI), both in the acute phase and throughout the patient's lifetime. [1] [2] [3] Intermittent catheterization (IC) has become the standard voiding method for patients with neurogenic bladders as it is associated with fewer urologic complications than other bladder management strategies such as indwelling catheters. 1, 3 However, lower urinary tract colonization (asymptomatic bacteriuria-aBact) is common in patients with SCI, both at home and in hospital, with a prevalence ranging from 50 to 90%. [4] [5] [6] The optimal duration of therapy for UTI in patients with SCI has not been established. Patients should be treated with narrow spectrum antibiotics (ATBs) when possible, for the shortest duration that is clinically safe. 7 It is a general belief that 3-5 days of ATB treatment is probably effective in the treatment of mild UTI 1 and in patients with chronic SCI. 8 The Infectious Diseases Society of America recommends a 7-day course of ATBs for patients on IC who have a prompt resolution of symptoms, and a 10-14-day course for those with a delayed response. A 5-day course of levofloxacin may be considered for patients who are not severely ill. 9 The potential benefits of short-course therapy could include a reduction in adverse effects, antimicrobial resistance and cost. 10 Febrile UTI, accompanied by fever and chills, indicates involvement of the upper urinary tract and warrants a longer duration of ATB therapy than in the case of mild symptoms. 1 The aim of this study was to evaluate the effectiveness of a 5-day ATB course for mild UTI in patients with SCI on IC. The secondary aims were to evaluate clinical cure, relapse and reinfection rates, and to compare between symptomatic and asymptomatic groups.
MATERIALS AND METHODS
This retrospective study was conducted from May 2013 to September 2016 in the SCI rehabilitation unit of the Centre Calve.
Inpatients with neurogenic bladder were enrolled if they met the following inclusion criteria:
• Patients using IC (usually five times a day, performed either by the patient or by the nurse, or twice a day when associated with spontaneous voiding); • Prescription of a 5-day course of ATBs, either for symptomatic (UTI) or asymptomatic (aBact) bacteriuria; aBact is treated before invasive urological procedures (cystoscopy or urodynamics) or surgery for pressure sores, or before starting hydrotherapy to comply with our hospital's infectious disease policy; • Presence of UTI compatible with cystitis (mild illness with urinary, bladder signs, mild fever without chills);
• Inpatients with planned stays of more than a further 60 days.
Exclusion criteria
• Pyelonephritis or febrile UTI (438°5) with chills and altered general condition; • Recent history of urolithiasis;
• Recurrent need for ATB for other reasons (mostly patients with high cervical lesions and tracheostomy).
Urine cultures (UC) were systematically performed before ATB therapy and monitored on day 4 of the treatment. Urine samples were collected by IC using standard procedures (either clean intermittent self-catheterization or clean IC by the nurses). The treatment of choice was targeted ATB therapy following susceptibility testing. In case of empiric ATB therapy, only cases with infecting strains susceptible to the ATB were included in the analysis.
For urine cultures, the criteria of the American Paraplegia Society were followed:
• Significant bacteriuria-a threshold of 10 2 cfu ml − 1 for patients on IC, • UTI-significant bacteriuria, at least one clinical sign or symptom, and leukocyturia 4103 per ml and • aBact: significant bacteriuria without any clinical signs.
To evaluate the effectiveness of the ATB treatment, the following definitions were used:
• On day 4 of the ATB course:
J Microbiological cure was defined as UC with negative results; J Eradication of bacteria was defined as the disappearance of the causative bacteria in the control UC; and J Treatment failure was defined as the persistence of significant bacteriuria with the causative bacteria in the control UC.
• Clinical cure was defined as the complete resolution of symptoms and clinical signs related to UTI without the need for further ATB therapy.
• Relapse was defined as recurrence of UTI due to a similar bacterial species to that found at the onset of the 5-day ATB therapy; and • Reinfection was defined as recurrence of UTI due to different bacterial species to that found at the onset of the 5-day ATB therapy.
The following information was obtained from the medical chart of each patient-drug treatment, mono or dual therapy, diagnosis (UTI or aBact), clinical cure at end of therapy, bacteriological data and clinical data (including type of neurological deficit and voiding method).
End points
The primary outcome was occurrence of UTI at both the short-(3 weeks) and long-term (6 and 9 weeks) follow-ups, and the duration of UTI-free urine.
The secondary outcomes were microbiological cure and eradication of bacteria on day 4 of the ATB course, clinical cure at the end of therapy for UTI (day 5), and relapse and reinfection rates at the short-and long-term follow-ups.
The time from the end of the 5-day ATB course to the onset of another 5-day ATB course or discharge was analysed. Time data were expressed as means, and further categorized into three time slots-3 weeks (W3) = short-term follow-up, and 6 (W6) and 9 weeks (W9) = long-term follow-up.
Patients were divided into four groups according to the outcome at the end of the 5-day ATB course:
• Group 1, recurrence of a treated UTI (UTI to UTI) • Group 2, occurrence of UTI after treatment for aBact (aBact to UTI) • Group 3, treatment for aBact after UTI (UTI to aBact) • Group 4, consecutive treatments for aBact (aBact to aBact) Statistical analysis Data analyses were carried out using the SAS 9.3 software (SAS Institute Inc., Cary, NC, USA). Univariate analyses were carried out using χ 2 and Fisher exact tests, including all variables known to be associated with UTI (that is, statistically or clinically significant)-gender, age, type of neurological deficit, type of voiding and positive blood culture. Risk factors for developing UTI and the duration of UTI-free urine following ATB treatment for each group were assessed using a Cox regression model.
Statistical significance was defined as P o 0.05.
RESULTS
Fifty-seven patients underwent 111 5-day courses of ATBs during the study period. Their baseline characteristics are listed in Table 1 . Thirty-two patients had a single 5-day ATB course, 12 had 2 courses and 5 had 3 courses, whereas the remaining 8 patients had between 4 and 7 courses. The population was mostly male (n = 43), composed mostly of young adults (mean age: 40.9 years old ± 16.8) with paraplegia (n = 38) and complete motor lesions (n = 38). Time since injury was a mean 18.4 months ± 49.1, with 19 patients in the acute phase (o 3 months since injury). Voiding method was IC, alone (n = 41 self-IC and n = 10 by nurse), or associated with reflex voiding (n = 6). Most patients took anticholinergic drugs (n = 36), whereas 10 had had concomitant botulinum toxin injections for neurogenic detrusor overactivity. Table 2 presents the patient characteristics, microorganism samples and ATB treatments for all 111 ATB courses in the four groups. There were no statistical differences between the four groups.
The two main bacteria involved were Escherichia coli (n = 60; 52%) and K. Pneumoniae (n = 24; 21%). Five UCs were polymicrobial with two bacteria.
There were 94 targeted and 17 empiric ATB therapies. The most commonly prescribed ATBs were third-generation cephalosporins (n = 43; 39%), cotrimoxazole (n = 32; 29%), fluoroquinolones (n = 17; 15%) and nitrofurantoins (n = 16; 15%). Dual therapy was prescribed in five cases. Abbreviation: AIS, ASIA injury scale; IC, intermittent catheterization. Means are given with 95% confidence intervals in brackets.
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JG Previnaire et al Table 3 shows the primary and secondary outcomes for the four groups. Ninety-seven UCs were performed on day 4 of the ATB treatment. Microbiological cure was found in 91, whereas 6 were positive. Of these 6, 5 were contaminated with another bacteria, and in 1 the treatment failed. There was thus a 99% eradication rate (96 out of 97). Clinical cure occurred in all patients at the end of the 5-day treatment for UTI.
The UTI-free period was not significantly shorter after treatment of aBact (45.5 days) than that after treatment of UTI (53.7 days). Relapses (n = 45) occurred slightly more often than reinfections (n = 37). Antimicrobial sensitivity testing showed that 18% of bacteria were resistant to the ATB used (8/45) in cases of relapse and 30% (11/37) in cases of reinfection. Recurrences of UTI (group 1) were mainly cystitis treated with a 5-day course of ATBs (37/38); one was a severe UTI that appeared at day 29, treated with a 10-day dual ATB course.
The rate of UTI was not significantly different after treatment of UTI or aBact (Table 4) . Recurrence of UTI occurred in 16% of patients at W3, 38% at W6 and 50% at W9, compared to 20%, 35% and 44%, respectively, for occurrence of UTI after treated aBact. In the aBact group, there was no statistical difference in the occurrence of UTI between those who subsequently underwent invasive urologic exams (n = 20) and those who underwent non-urologic procedures (n = 21) (Table 5) , although the rate was slightly higher at W3 and W6 (24% vs 15% and 41% vs 29%) in those who underwent invasive urologic exams.
Data from groups G1 and G2 (ending with UTI) were further analysed to determine the risk factors for developing UTI in this population. There was no significant difference in UTI-free periods after ATB treatment for UTI or aBact (P = 0.51) (Figure 1) . No risk factors could be identified among level (tetraplegics vs paraplegics, P = 0.98) or severity (ASIA Injury Scale grade, P = 0.55) of lesion, gender (P = 0.27), voiding modes (IC by patient, IC by nurse, spontaneous voiding and additional IC), P = 0.54, use of anticholinergic drugs (P = 0.27) or time since lesion (P = 0.67).
DISCUSSION
Even though UTI is the most common complication and a significant cause of morbidity in patients with SCI, the optimal duration of therapy for UTI has not been established. In this retrospective study, we showed that, following eradication of bacteria and clinical cure, the recurrence rate of UTI was limited to 16% in the short term, and 38% in the long term, suggesting that a 5-day course of ATBs might be suitable for the management of mild UTI.
Eradication of bacteria/clinical cure There are limited data on the mid-treatment effect of ATB in patients with SCI. When ATB therapy is determined according to susceptibility, the eradication rate varies between 54 (7-14-day ATB courses in catheter-free patients) 11 and 97% (unpublished data). Stannard et al. 12 reported similar rates (97%) in patients on ciprofloxacin (5-day ATB courses in patients on IC and with indwelling catheters), as did Dow et al. 10 (96%, 3-day ATB course in patients on IC). The present study confirms the high rate (99%) of eradication of bacteria after 3 days of targeted ATB in mild UTI. Evaluation of treatment effectiveness can be achieved using Abbreviations: AIS, ASIA Injury Scale; aBact, asymptomatic bacteriuria; ATB, antibiotics; E. coli, Escherichia coli; IC, intermittent catheterization; NS, not significant; UTI, urinary tract infection. Means are given with 95% confidence intervals in brackets.
5-day ATB for UTI in SCI patients JG Previnaire et al simple dipsticks, followed by UC only if the results are positive (unpublished data). Eradication of bacteria is the key to confirm the effectiveness of ATB therapy. However, from the patients' perspective, disappearance of symptoms is clearly the most important parameter. 13 The relative importance of microbiological and clinical outcomes is an important issue. Confirmation of eradication of bacteria at midtreatment is necessary to ensure that ATBs are correctly used and that it certainly helps reduce bacteria resistance. However, microbiological cure cannot be the only approach, especially when subjects are inpatients on SCI wards where aBact is common, as well as exposure to nosocomial pathogens. Reinfection with another bacteria can therefore occur very easily. A prompt clinical response with disappearance of signs and symptoms of UTI, usually on day 2 or 3 of ATB therapy, is further proof of ATB efficacy and is reassuring for both patients and clinicians.
Treatment duration Studies are rare in patients with SCI on IC.
A study by Mohler et al., 14 involving 46 patients, compared a 3-day course with a 10-day course of ATBs prescribed following antimicrobial susceptibility testing (mostly trimethoprim-sulfamethoxazole) for aBact and UTI. Both groups had similar rates of cure, microbiologic persistence and relapse.
In a recent retrospective study of 112 patients, Dinh et al.
15
found no difference in cure rates for febrile UTI treated with o10 days, between 10 and 15 days, and more than 15 days of ATBs. The results suggested that a treatment duration of 8 days was appropriate in the case of febrile UTI. In a randomized, double-blinded, placebo-controlled trial, Dow et al.
10 compared 3-day and 14-day courses of ciprofloxacin (250 mg twice daily) for the treatment of mild UTI in a group of 60 patients. At the long-term follow-up (6 weeks), microbiological cure was significantly greater in patients who received 14 days of treatment compared with those who received 3 days of treatment. Also, microbiological relapse and symptomatic relapse both occurred more frequently in patients treated for 3 days. The authors concluded that longer treatment durations lead to improved clinical and microbiological outcomes. However, the percentages of patients with clinical cure at both short-term and Abbreviations: NS, not significant; UTI, urinary tract infection.
5-day ATB for UTI in SCI patients JG Previnaire et al long-term follow-ups were similar for both study arms, raising the possibility that a 2-week ATB regimen may not be necessary, and a shorter ATB regimen that exceeds 3 days could be sufficient. 16 Further, when their results were adjusted for clinical cure and bacteria eradication, as in the present study (that is, exclusion of treatment failure due to bacteria resistant to ciprofloxacin and patients lost to follow-up), rates of UTI were then of 27% (7/26) at W3 and 58% (15/26) at W6 for the 3-day arm, and of 16% (3/19) at W3 and 37% (7/19) at W6-8 for the 14-day arm. The rates of UTI of 16% at W3 and 38% at W6 in the present study are strikingly similar to those found in the 14-day arm treatment. For mild, non-febrile UTI, most experts and scientific societies promote durations of ATBs between 3 and 7 days. 1, 8, 9 Our results provide some evidence that a 5-day course of ATBs might be suitable, when prompt microbiological (UC negative at mid-treatment) and clinical (disappearance of symptoms) responses occur. Longer durations of therapy are required for more severe (febrile) UTIs that indicate involvement of the upper urinary tract, or in patients with a delayed response. 8, 9, 15 There was no difference in the recurrence rate of UTI between patients in the acute and chronic phases of SCI, either at W3 (4/14 vs 7/56) or at W6 (5/13 vs 18/48). Thus, there is no rationale for a longer duration of treatment in the acute phase. 8 Risk factors for developing UTI in patients with SCI have been identified, by order of importance, as vesicoureteral reflux, dependence, chronic permanent catheterization, cervical SCI and invasive procedures carried out without ATB prophylaxis. 17 In the present study, the voiding mode was controlled, and no significant risk factors were found. However, the statistical analysis must be interpreted with care in view of the heterogeneity and the relatively small size of the sample studied.
Treating bacteriuria The prevalence of bacteriuria in patients with SCI is high, ranging from 50 to 90%, irrespective of the technique used for bladder emptying. [4] [5] [6] Despite this high prevalence, the incidence of UTI is relatively low. 18 Furthermore, studies in patients with aBact and IC showed similar rates of UTI and recurrence of aBact at follow-up, whether or not prophylactic ATBs were administered. 14, 19 This explains why most authorities and consensus guidelines recommend against routine screening and treatment of aBact in patients with SCI because of the unclear long-term benefit and because treatment increases the selective pressure for drug resistance. 1, [20] [21] [22] The comparison of outcomes following treatment for aBact and UTI in the present study supports this view, with no statistical difference in the rates of UTI, in the short term or in the long term (Table 4) . Moreover, UTI-free periods were shorter after treatment of aBact than UTI. ATB prophylaxis is recommended by the European Urologic Association in 'high-risk patients' before invasive urological procedures (cystoscopy or urodynamics), with risk factors identified as a history of UTI or urogenital infection, use of indwelling catheters or bacterial burden. 23 This provides a rationale for the administration of ATB in the case of aBact before urodynamic assessments or intradetrusor injections in patients with SCI; 24 however, evidence is poor and recent studies suggest otherwise. 25 The 24% rate of UTIs found in the present study following urological procedures, despite prophylactic ATBs at W3, may seem high (Table 5) . If the follow-up had been shorter, no UTIs would have been diagnosed after 7 days, and only 2 after 14 days, compared to 5 at W3. This suggests that the UTIs may not be the result of the urological procedures, but were probably related to the high bacterial burden associated with IC.
Bacteria and ATB The bacteria found in this study were the usual ones found on SCI wards. The Enterobacteriaceae family represents the most commonly isolated organisms in the neurogenic population. Within this family, there is a predominance of E. coli (usually around 50%) followed by Klebsiella. 7, 26 Gram-negative bacteria (that is, E. coli) tend to cause severe inflammation associated with intense leukocyturia. 2 ATB stewardship is of paramount importance. In our practice, ATB selection always follows culture collection and analysis of antibiograms. Third-generation cephalosporin, trimethoprimsulfamethoxazole, nitrofurantoin or quinolone are usually appropriate in the population with SCI. 7, 8 CONCLUSION In patients with SCI and on IC, a 5-day course of ATBs was associated with a high rate of eradication of causative bacteria (99%) and clinical cure (100%) at the end of the therapy. Recurrence rates of UTI at the short-term (16%) and long-term (38%) follow-ups were similar to those in other studies. These data support short-duration courses of ATBs for the treatment of mild UTI, as long as prompt microbiological (UC negative at mid-treatment) and clinical (disappearance of symptoms) responses occur. These results should be confirmed by randomized trials.
